Objective: This study determined whether the effect of combination therapy for hepatic carcinoma (HCC) is comparable to surgical resection (SR). According to the guidelines of the American Association for the Study of Liver Disease, radiofrequency ablation (RFA) and SR are recommended for early HCC. However, patients treated with RFA had worse long-term survival than those who received SR. Many studies utilizing the combination therapy with RFA and transarterial chemoembolization (TACE) have reported better prognosis as compared to RFA alone.
INTRODUCTION
Hepatic carcinoma (HCC) remains one of the leading causes of cancer-related death globally. HCC has been ranked as the second cause of mortality and as the fifth cause for mobility impairment of all cancer cases. [1] In the United States, there has been a rapid growth in the incidence rate of HCC over the past 20 years. [2] The curative therapies include tumor ablation, hepatic resection, and liver transplantation, while some other options such as transarterial chemoembolization (TACE) and sorafenib are considered as palliative treatments. [3] Despite the fast advancement in this field over the past decades, the overall long-term survival of HCC is still poor.
Surgical resection (SR) is considered as the first therapeutic strategy for HCC when liver transplantation is not available due to shortage of donors. [4] However, the application of hepatic resection requires the patient to still have good liver function and early-stage HCC. According to the suggestion by the Barcelona Clinical Liver Cancer (BCLC) group, the criteria for hepatic resection include one tumor, no cirrhosis, no portal hypertension, and BCLC Stage A. [5] Nowadays, radiofrequency ablation (RFA) has become a routine choice for patients with early-stage HCC. The heat can destroy necrosis in tumor and activate the host immune system. [6] Some randomized controlled trials have reported a comparable survival rate between SR and RFA in patients with Child-Pugh A plus early-stage HCC, thus challenging the traditional method of SR. [7] [8] [9] TACE functions by blocking the blood supply to starve the tumor. Usually, TACE is applied as a palliative treatment for intermediate HCC. More than half of the receivers have benefited from the therapy, showing extensive tumor necrosis. [10] The efficiency of RFA plus TACE has been tested in many clinical trials, in which improved short-and long-term survival outcomes can be achieved in medium-sized HCC (3-5 cm) but not in HCC (<3 cm), compared to RFA. [11, 12] The decrease in heat loss after TACE may contribute to the success of RFA plus TACE. [13, 14] Over the past few years, many studies have compared the efficiency between RFA combined with TACE and SR. A randomized controlled trial reported better clinical outcomes using SR rather than RFA plus TACE, while some other studies reported no significant differences in overall survival (OS) and disease-free survival (DFS) between these two therapies. No consensus has been reached for this topic. In this systemic review, the efficiency of RFA plus TACE and SR for HCC is summarized and compared.
MATERIALS AND METHODS

Literature search strategy
This systemic meta-analysis followed the review protocols and guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) group. Four electronic databases including PubMed, Web of Science, EMBASE, and Cochrane were utilized. A total of 639 relevant studies were included in this study using the following keywords: "radiofrequency," "transarterial chemoembolization," "hepatectomy," and "liver cancer." A comprehensive literature search was independently conducted by three researchers (Wang Hongye, Shu Yimei, and Cao Cheng).
Selection criteria
After the preliminary review of titles and abstracts, 639 papers were excluded. The inclusion criteria were as follows: (1) a focus on the relationship between the combination of RFA plus TACE and SR in HCC, (2) the full-text articles were restricted to English, and (3) high-quality studies evaluated by Newcastle-Ottwa scale (NOS). The exclusion criteria for this analysis were as follows: (1) case report, meta-analysis, and treatment guidelines and (2) absence of the required data in the results. One randomized controlled trial and six cohorts were finally included. The concrete information including reference, country, type, number of patients, time, and quality score of each study is summarized in Table 1 . The major complications were liver failure, bleeding, and ascites. All disagreements were discussed and resolved by Hongye Wang and co-author Yihai Liu.
Data extraction
The OS and DFS were analyzed in this study as the main outcomes, as well as therapeutic complications. After strict selection of studies from the literature, the data involving OS and DFS at 1, 3, and 5 years, as well as complications were carefully recorded and analyzed. Source of data, control, number of patients, age, tumor diameter, concentration of alpha-fetoprotein, CTP A/B, hepatitis B virus/hepatitis C virus (HBV/HCV), characteristics of population, and time of the publication were also included.
Statistical analysis
The relative risks (RRs) and 95% confidence intervals were used to analyze statistics using binary variables. The RR corresponding to each outcome was pooled using a fixed model (Mantel-Haenszel method) or random model (DerSimonian and Laird method) when heterogeneity exists across studies. The heterogeneity of the included trials was assessed using Cochran's Q test and Higgins I 2 statistic. A P < 0.10 or I 2 >50% suggested significant heterogeneity. When significant heterogeneity was confirmed, a sensitivity analysis was applied to explore the origin of heterogeneity. Publication bias was evaluated by Begg's test, and a P < 0.05 was considered statistically significant, which indicated publication bias. All the statistical analyses were carried out using the STATA version 12.0 (STATA Corporation, College Station, TX, USA) software. 
RESULTS
Identification of included studies
After the strict selection of studies, seven studies were included in this meta-analysis. The search process is presented in the flowchart in Figure 1 , and the criteria were recorded as follows: authors, time of publication, country, study design, number of patients, median age, tumor diameter, Child-Pugh level, and HBV/HCV [ Figure 2 ] according to the PRISMA guidelines. [15] All studies were retrospective, and most of the studies were from East Asia (3, 3, and 1 from Japan, China, and South Korea, respectively). The studies were conducted between 1995 and 2015. A total of 1305 patients were enrolled in the seven studies.
The quality test was conducted by two authors (Hongye Wang and Yihai Liu) independently, and the NOS analysis revealed that the studies included were of high quality.
Results of meta-analysis
The main results in our systemic review included the OS and DFS in 1, 3, and 5 years, respectively, as well as major complications after treatment. As indicated in Figure 2 , there was no significant difference in OS at 1 and 3 years between the RFA plus TACE group and the SR group. However, the SR group had a better long-term survival in 5 years [ Figure 2 ]. Moreover, the comparison of DFS in these two groups showed no significant differences at 1 and 3 years, while the SR group had better DFS at 5 years [ Figure 3 ]. Therefore, it was concluded that RFA plus TACE treatment had comparable efficiency as SR in the short-term survival and disease progression; however, patients seem to benefit more from SR from a long-term perspective. Finally, the RFA plus TACE treatment method resulted in a slightly higher rate of major complications [ Figure 4 ].
Begg's funnel plot was generated to evaluate publication bias. Publication bias was detected for OS at 1, 3, and 5 years (P = 1.0, 1.0, and 0.707, respectively); DFS at 1, 3, and 5 years (P = 0.764, 0.548, and 1.0, respectively); and major complications (P = 0.806); respectively [ Figure 5 ].
A sensitivity analysis was conducted to detect the effects of each included study by repeating the meta-analysis while dislodging one study at a time. As shown in Figure 6 , no study had influenced the pooled hazard ratio; thus, our results can be considered to be reliable. 
DISCUSSION
RFA plus TACE has become an important alternative strategy for HCC. In our study, no significance was found for OS at 1 and 3 years as well as DFS at 1 year when comparing RFA plus TACE and traditional SR. However, the SR had a better DFS and long-term OS than the combination therapy. In addition, RFA plus TACE treatment might result in slightly higher rate of major complications.
RFA is now considered as an effective technique for local or regional HCC with diameter <5 cm. Considering high morbidity of HCC in the elderly and increase onset in the younger group, RFA exerts several advantages over SR, such as lower risks, cheaper expense, less lesions in healthy tissues, and shorter duration of hospitalization. [16] However, incomplete ablation may give rise to recurrence. When utilizing thermal ablation, RFA eliminates tumors both directly and indirectly. This causes coagulative necrosis of the tumor and the influx of cellular content, such as RNA, DNA, and high mobility group protein B1, which can activate the innate immunity. [17] Moreover, with greater amounts of infiltration by APC and T-cells in the ablated zone, RFA can result in better activation of adaptive immunity. [18, 19] Compared to SR, some studies and meta analyses have found that RFA resulted in lower OS and DFS. [20, 21] In the meantime, HCC receives nutrition from the hepatic arteries. TACE can be used to block the blood flow and potentially reduce the heat loss during the ablation, thus improving the efficiency theoretically.
Since satellite tumor foci cannot be detected by computed tomography or magnetic resonance imaging, TACE increases the therapeutic area, which partly accounts for the higher OS in the combination therapy. Furthermore, some studies have confirmed that patients benefited more from RFA plus TACE than a single therapy. [22, 23] Hepatic resection is the treatment of choice for patients with HCC who do not have hepatic cirrhosis. As for the surgical group with hepatic cirrhosis, some complications may be life-threatening, such as liver failure. Because of the invasiveness after incision, some surgical-related complications cannot be avoided. Several cohort studies have compared the complications between RFA and SR and concluded that RFA was safer than SR. [24] [25] [26] Consistent with our data, the combination strategy had little side effects. Hepatic resection showed better OS and DFS than monotherapy. [20, 27, 28] Meanwhile, some studies have also reported a higher efficiency when combining SR and RFA or TACE than RFA or TACE alone. [29, 30] A former systemic study has compared the OS and DFS between these two treatment strategies. However, only a limited number of studies were included in the study. Thus, more studies were collected systemically for further analysis. Guo found no significant difference between 1-and 3-year OS and 1-year DFS but a disparity between 5-year OS and 5-year DFS, which was consistent with our analysis. [31] However, our results demonstrated that no important significant difference of 3-year DFS existed in these two methods. While only one randomized controlled trial was available, more randomized controlled trials were implemented to test the influence of RFA plus TACE on the medium survival rate and DFS. In fact, microwave ablation, which is another ablation technique, exhibited better clinical outcomes when combined with TACE than SR. [32, 33] Furthermore, in some other tumors, RFA plus transarterial embolization showed comparable clinical outcomes as SR. [34] Our study has some limitations. Initially, there was a large time span for the document selection, so the studies included might adopt diverse ablation devices. Along with the development of ablation technology, the experience for the operators accumulated over these years, thus resulting in increased efficiency, which likely affected the results. Second, many retrospective studies were included in our analysis; hence, the inherent defects, such as selection bias and poor reliability of the pooled results, could not be neglected.
Moreover, the histological examination for RFA plus TACE groups was limited, while that in the SR, section was almost completed. Although the consensus for noninvasive diagnosis of HCC has been reached for many years by the American Association for the Study of Liver Disease, some false-positive cases may still exist following these criteria, which can interfere with the authenticity by inflating the survival rate for patients treated by RFA plus TACE. In addition, patients with Child-Pugh A score tend to receive SR in most cases, while the patients with Child-Pugh B group usually miss the choice for surgery and adopt RFA as an alternative. Therefore, the worse prognosis for the RFA group may be attributed to their poorer liver conditions, which subsequently increases the bias. Finally, the small sample of studies might alter the results. Journal of Cancer Research and Therapeutics -Volume 15 -Issue 7 -2019 
Conflicts of interest
There are no conflicts of interest.
